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su?^:ary 



Tests were perfor.nod to determine the effect of zc/li- 
dines of the corrosiveness of aircraft-engine oil tov/ard 
engine "bearings as part of an investig'-.tion on the suita- 
"bility of xylidines as an antiknock cor.aponent in aviation 
gasoline. The Shell thrust— "bearing corrosion tent v/as per- 
formed vrith 55 copper-35 Is^'d 'b'^-arings using new oil both 
without and v;ith -rflidiners and used oil from piston-ring 
sticking engine runs l)oth v/ithcut and v/ith irrlidines added 
to the fuel and the oil. 

The results of the Shell thrust-bearirg corrc^io.^^ tnnt 
are summarized as foilov/st 
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An examination of "bearing sections peroei:.dicular to the 
"bearing surface revealed that the corrosion v^ith straight 
mineral oil was largely a loss of load and for the corrosion 
with the oils that contain :<ylidines the cop'oor in the "bearing 
was attacked as v/ell. The effect of xj^-lidines on the corro- 
siveness of aircraft-engine lu'bricating oil was negli^rilDle or 
if ariything, v/as to render the oil less corrosive toward 
copper-lead "bearings under the conditions of the Shell thrust 
bearing corrosion tost. 
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IIITEODUCTIOiT 

As part of an investigation on the aait?."bilit7 of xj^li- 
dines as an antiknock coiP'oonent in aviation gasoline, tests 
were conducted to detcrminG the effect of :>:;^;'lidines on the 
corroslveness of aircraft-engine oil tov;ard engine hearings. 
Such tests v/ere advisable "because of the inevitability of 
fuel contaminating the lubricant either unintentionally from 
blow-by or intentionally from the practice of "fuel duiriping" 
during cold-vrcathcr operation. The Shell thrust-boarirg 
corrosion test was utilized. This tost employs a laborator^,^ 
machine that simulates the more important mechanical fa^ctors 
leading to corrosion of bcaringr* and permits a relative eval- 
uation of oils in re{ra:;d to bearing corrooior: . 

Fevf oil with no x^rlidines a.nd vrith xjrlidinos added in 
several concentr^.tions ard uGcd oil from -ois ton-ri:ig stickir.g 
rans both vfithout and v/ith x^-lidines added to the fuel and 
oil v/ere used in the corrosion tests. 

The investigation v-as conducted at the request of the 
Army Air Forces at the Aircraft Engine Eosearch Laborator;/- 
of the national Advisory Committee for Aercn^^utics, Cleve- 
land, Ohio, during May and Jujie 19^^3» 



APPARA-TTJS Al^H) PRCGSrijTJ: 

The Shell thrust-bearing corrosion ma,chine ha.s boon 
described in a i^aper given before the American Chemical So- 
ciety (reference l). In the m.achine three flat bearing spe- 
cimens, 3/^ "by 1/2 inches, arc mounted in a steel cup to form 
a Kingsbury thrast bearing, and corrosion is determined by 
the vreight loss of these bearing specimens after the ma.chinc 
has been operated under prescribed conditions. 



Operating Conditior.s for Thrust-Bearing Corrosio.n Machine 

Temperature, 225 and 320 

Speed, rpm 2^00 

Load, lb/sG_ in 120 

Samp^le volume, ml 35 

Air flow over sample, cm3/m.in 5 

Stool disk surfPvCO . . . Mirror finish with levigated alumina 

Bearing specimen 65 Cu-35 Pb 

Bearing specimen surface Polished (reference 2) 

I>uration of test, hr , 20 
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In order to provide more complete information on the 
nature cf bearing corrosion, photomicrographs of bearing sec- 
tions perpend iciolar to the bearing sui^face vero pi^epared. 
These sections were also examined under the light microscope. 



TEST SPECEvIENS 

Bearings . - The l/2- by 3/4-inch bearing specimens were 
cut from flat stocks of 65 coppor-Sf' lead. Although it is 
claimed that the condition of the bearing surface is not 
critical under the test conditions, both the bearing specimens 
and the hard steel beai-^ing disk were sui^facod by the usual 
metal lographic metliods to unlfom, reproducible conditions. 
(See reference 2.) 

0":1 samples . - New oil samples were prepared from Navy 
1120 lubricating oil and xylidines. Properties of the xyli- 
dines are listed in rvi^ferenoe 3. Used oil seimples were obtained 
at the end of piston-ring sticking tests with a single cylinder 
from a 12- cylinder liq.uid- cooled engine. The used oil samples 
were filtered before testing. The Navy 1120 oil and the xyli- 
dines were used in the engine tests. 



TABLE CF OILS TFi^TED 

Navy 1120 

Navy 1120 -f , 0 . 5-percont xylidines 
Navy 1120 + 1.0-percent xylidines 
Navy 1120 + 3.0-porcent xylidines 
Series 11, used oil, no xylidines 
Series 13, used oil^ xylidines in fuel and oil 

RESULTS AND DISCUSSION 

Figure 1 presents the loss in bearing weight in milli- 
grams per square centimeter for uhe various oils tested. 
These are average valros for several runs. Average repro- 
ducibility was 25 percent. Figure 2 presents representative 
photomicrographs of bearing sections for each of the oil 
samples tested. 

Ee'^erence 1 states that, from the information on oils 
for which service records are available^ corrosion losses 



in a 20-hour thrust-bcarin.^ corrosion tost of loss than O.3 
milligrams per square cGntimeter arc nogligitle, lossos from 
1 to 5 milligrams per souare centimeter indicate that the oil 
may "be potentially corrosive, and losses of 5 milligrams "oer 
square centimeter or more indicate the oil to "be very defi- 
nitely corrosive. 

At the lower test temperature of 225"^ P, none of the oils 
tested displayed uoro than a very slight -ootential ccrrosive- 
ness. The used oil from the piston ring- tj ticking tost v;ith 
xylidincs in the fuel and the oil v/as not corrosive. At the 
higher tost tciiTporaturc of 3"20'^ P, the I'avy 1120 oil both nev; 
and used was corrosive under the to'^t conditions; the samoles 
containing :'ylidincs ^-ore classified as only potentially cor- 
rosive. 

An examination of the test-specimen r^ectionr: revealed 
that the corrosion vrith straight mineral oil v/an largely a 
loss of lead; whereas, for the corrosion vdth the oils con- 
taining :.rjrlidinos, the copper in the bearing v;as attacked 
as well. 



Aircraft Sngine Hoscarch Laborator;^^ 

^Tational Advisory Co-iimittce for Aeronautics, 
Cleveland, Ohio, July 3, I9U3. 
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Navy 1120 Navy 1120 Navy 1120 Navy 1120 Used Navy Used Navy 
Oil oil 4 0.5% oil \ 1% oil + 3% 1120 oil 1120 oil f 
xylldlnes xylldlnes xylldlnes xylldines 

Figure L - Effect of xylldines on corrosion. Load, 120 
pounds; speed, 2400 rpm; air flow, 5 cubic centimeters per 
minute; duration of test, 20 hours; specimens, 65 copper- 
3b lead bearing. (Used oil from ring-sticking tests.) 



(a) Navy 1120 oil at 225^ p. Average loss, 
0.87 milligram per square centimeter. 




(b) Navy 1120 oil at 320^ Average loss, 

16.2 Tnilllgrams per square centimeter. 




(c) Navy 1120 oil plus 0.5 percent xylldines 
at 225^ F. Average loss, 1.7 milligrams per 
square centimeter. 




(d) Navy 1120 oil plus 0.5 percent xylidines 

at 320^ F. Average loss, 1 milligram per 

SQuare centimeter. - - *^ * 

National Advisory 

Committee for Aeronautics 

Figure 2. - Corrosion tests on xylidines and Navy 1120 oil 
Thrust, 120 pounds; speed, 2400 rpm; air flow over sur- 
face, 5 cubic centimeters per minute; duration of test, 
20 hours; specimens, 65 copper-35 lead bearing. Magnifi 
cation X400. (Used oil from ring-sticking tests.) 
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(e) Navy 1120 oil plus 1 percent xylidines 
at 225^ F. Average loss, I milligram per 
square cent imeter , 




(f) Navy 1120 oil plus 1 percent xylldines 
et 320^ F. Average loss, 3*8 milligrams 
per square centimeter. 



Figure 2. - 
Navy 1120 
flow over 
tion of 
bearing 




(g) Navy 1120 oil plus 3 
at 225^ F. Average loss, 
per scjuare centimeter. 



percent xylidines 
0.58 milligram 




(h) Navy 1120 oil plus 3 percent xylldines 
at 320^ F. Average loss, 2,2 milligrams 
per square centimeter. 

National Advlaory 
Conmittee for Aeronautioa 



Sticking tests.) 



Continued. Corrosion tests on xylidines and 
oil. Thrust, 120 pounds; speed, 2400 rpm; air 
surface, 5 cubic centimeters per minute; dura- 
test, 20 hours; specimens, 65 copper-35 lead 
Magnification X400. (Used oil from ring- 
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(i) Used Navy 1123 oil from ring-sticking 
test on single-cylinder engine at 225^ F. 
Average loss, 1.4 milligrams per square 
cen timet er. 




(j) Used Navy 1120 oil from r ing- s ti eking 
test on single-cylinder engine at 320*^ F*. 
Average loss, 6.6 milligrams per square 
centimeter. 




(k) Used Navy 1120 oil plus 0.5 percent 
xylidines from ring-sticking test on 
single-cylinder engine at 225^ F. Aver- 
age loss, 0.5 1 milligram per square cen- 
timeter. 




(1) Used Navy I 120 oil plus 0.5 percent 
xylidines from ring-sticking test on 
single-cylinder engine at 320^ F. Aver- 
age loss, 4.5 milligrams per square cen- 
timeter. 

National Advisory 
Committee for Aerone.utlcfl 

Figure 2. - Concluded. Corrosion tests on xylidines and 
Navy I 120 oil. Thrust, 120 pounds; speed, '2400 rpm; air 
flow over surface, 5 cubic centimeters per minute; dura- 
tion of test, 20 hours; specimens, 65 copper-35 lead 
bearing. Magnification X400. (Used oil from ring- 
sticking tests.) 



